A new insertion sequence was isolated from Xanthomonas campestris pv. dieffenbachiae. Sequence analysis showed that this element is 1,158 bp long and has 15 -bp inverted repeat ends containing two mismatches.
Comparison of this sequence with sequences in data bases revealed significant homology with Escherichia coli IS5. IS1051, which detected multiple restriction fragment length polymorphisms, was used as a probe to characterize strains from the pathovar dieffenbachiae.
Xanthomonas campestris pv. dieffenbachiae (McCulloch and Pirone) Dye is the causal agent of Anthurium blight, which is widely distributed throughout Anthunum-growing countries, and is the limiting factor of plant production. Hayward reported the first observations of this disease in Hawaii in 1972. First identified as a pathogen of Dieffenbachia species, X. campestris pv. dieffenbachiae can infect a broad range of aroid hosts. Different approaches recently used to characterize and detect X. campestris pv. dieffenbachiae strains (2, 3, 12) have demonstrated the heterogeneity of this pathovar. In an attempt to understand the genetic variability of X. campestris pv. dieffenbachiae strains, our approach was to find a repetitive DNA sequence and use it as a probe. Numerous repetitive DNA sequences including insertion sequences have been reported and proven to be valuable tools for molecular genetic studies and bacterial strain characterization (13, 20) . Few repetitive sequences have been found in Xanthomonas spp. (5, 8, 9, 11) . The repetitive sequence from Xanthomonas oryzae pv. oryzae was used to study the genetic diversity of 98 strains of this pathovar (10) . By using this probe, it was possible to distinguish X. campestris pv. zeae from other pathovars capable of infecting maize and to identify X. campestris pv. vasculorum strains from different geographical origins (15, 16) .
We describe here the isolation of a repetitive DNA fragment from the genome of X. campestris pv. dieffenbachiae. Sequence analysis of this DNA fragment revealed the presence of an insertion sequence-like element given the name IS1051 by the Central Plasmid Registry (Stanford, Calif.). IS1051 has significant homology with Escherichia coli IS5 (4) . In this report, the entire nucleotide sequence of IS1051 is given, and its potential use for X. campestns pv. dieffenbachiae strain characterization and detection is proposed.
The origins of bacterial strains used in this study are listed in Tables 1, 2, A cosmid library of X. campestris pv. dieffenbachiae strain 11044 genomic DNA was constructed by a procedure described in detail elsewhere (21) . Cosmid DNA was digested to completion with Sall and electrophoresed through 0.8% agarose gels. Gels were incubated once for 15 min in 0.25 M HCl, twice for 15 min each time in 1.5 M NaCl containing 0.5 M NaOH, and twice for 15 min each time in 1 M CH3COONH4 and transferred to Hybond N filters (Amersham, Les Ulis, France). Filters were probed with [a-32P]dCTP-labeled genomic DNA from X. campestris pv. dieffenbachiae strain 11044. A 2-kb Sall fragment which hybridized strongly with DNA from X. campestris pv. dieffenbachiae strain 11044 was electroeluted from the agarose gel and cloned in pUC18. After sequential digestions with restriction endonucleases SalI and BamHI, a 1,574-bp fragment was subcloned in pUC18 and sequenced by the chain termination method of Sanger et al. (18) , using the Sequenase sequencing kit (United States Biochemical Corp., Cleveland, Ohio). To complete the sequence, we synthesized and used specific internal oligonucleotides.
A 24-mer oligonucleotide (Y15) complementary to the inverted repeat sequence of IS1051 with a BamHI restriction site added to its 5' extremity was used as the primer (AAAGGATCCGGAAGGTCTGAACAA), and X. campestris pv. dieffenbachiae strain 11044 genomic DNA (2 ng) was used as the template in a standard polymerase chain reaction (PCR) to synthesize IS1051 DNA. The PCR product (1,158 bp) was cloned in pUC18, and the resulting plasmid was named pXCO1. In addition, the PCR product was radiolabeled with [a-32P]dCTP, using the Multiprime random-labeling system (Amersham), and used as a probe in restriction fragment length polymorphism (RFLP) analysis.
For Southern blot analysis (19) , genomic DNA was extracted from bacterial cultures by a previously described protocol (2) . DNA (1 ,ug) The DNA fragment of interest was cloned in pUC18 plasmid, and after Sall and BamHI digestion, a 1,574-bp fragment was subcloned and its nucleotide sequence was determined. The presence of an almost perfect inverted repeat (13 of 15 matching bases) at the ends of this sequence indicated the presence of a potential insertion sequence of 1,158 bp. This insertion sequence-like element was named IS1051. Its complete nucleotide sequence is shown in Fig. 1 , and its GC content is 60.19%. A search of the EMBL and GenBank data bases revealed significant homologies with insertion sequences belonging to the IS5 family (for example, 47% homology between this fragment and the E. coli insertion element IS5 [ Fig. 1 ] previously described [4] ). Moreover, the inverted repeats of IS1051 are similar to the inverted repeats of the IS5 family isolated from various gram-negative bacteria (1) .
For RFLP analysis, we examined 22 strains of X. campestns pv. dieffenbachiae isolated from Anthunum species representative of different production areas and 8 strains isolated from other aroids ( Table 1) . Nine hybridization banding patterns were observed forAnthunium strains. Commonly obtained patterns are shown in Fig. 2 reproducibly amplified. The PCR product of 200 bp was also observed in strains of pathovars begoniae, cassavae, and vasculorum.
Insertion sequences, like other repetitive DNA sequences, can be used as probes for RFLP analysis and strain characterization (10, 11) . In this study, we examined genetic variability within the pathovar dieffenbachiae. In a previous investigation (2), we analyzed genetic variability by ribotyping, using acetylaminofluorene-labeled 16S and 23S rRNA from E. coli as the probe. We were able to differentiate between strains according to the host plant; however, a correlation between the pattern obtained and the geographical origin of the strains could not always be clearly established. Using IS1051 as the probe, we could distinguish, within rRNA pattern 24 (described in our previous work [2] ), between strain 11022 from Hawaii and the three isolates from Puerto Rico. rRNA pattern 25 (2) was obtained with two strains isolated from Dieffenbachia species (11050 and 11051) and four strains isolated from Anthuium species (11002, 11004, 11007, and 11020) which were pathogenic only in Dieffenbachia species. By using IS051 as the probe, three different patterns were observed in this group; the two strains isolated from Dieffenbachia species shared hybridization pattern 10, three strains isolated from Anthurium species exhibited pattern 4, and strain 11004 showed pattern 5 (not shown), which is similar to but distinguishable from pattern 10. With IS1051, the host plant could be clearly distinguished (Table 1 ). It will be interesting to use this probe to analyze a larger collection of X. campestris pv. dieffenbachiae strains from aroids. We postulate that a certain degree of variability must exist in the sequences of the insertion sequences within the pathovar dieffenbachiae, as reflected by the different intensities of hybridization banding patterns; some strains gave a strong signal after a 30 min exposure, while others required 2 to 3 days of exposure to become visible, despite the application of the same amount (1 p,g) of DNA in each well.
Our results showed that complex hybridization banding patterns could be obtained from other Xanthomonas strains (Tables 2 and 3 ). Therefore, IS1051 may be an adequate probe to study by RFLP the genetic variability of populations of strains of Xanthomonas species and X. campestris pathovars that hybridize with this probe. This insertion sequence seems to be widely distributed throughout the genus. Interestingly, no hybridization was obtained with Xylophilus ampelinus, which has been shown by different approaches to be genetically distant and which is no longer considered a Xanthomonas species (24) . The citri, we observed no hybridization with strains 11501 and 11502, unlike strain 11508 from pathotype C, which gave a complex hybridization pattern. Ribotyping has previously enabled us to distinguish strains of X. campestris pv. citri from the different pathotypes (our unpublished results), thus confirming the heterogeneity of X. campestris pv. citri reported by other researchers (23) . This result is also consistent with those of Pruvost et al. (14) and Hartung (6) , who specifically detected strains of X. campestris pv. citri from pathotype A. Our results further confirm the promise that rapid diagnostic tools based on genomic relatedness can be developed. The RFLP detected indicates that a number of coli. Both observations suggest that IS1051 is a functional transposable element. The availability of a transposable element, especially one so closely related to the characterized insertion sequence from members of the family Enterobacteniaceae, would be of considerable value for molecular studies of Xanthomonas strains.
In conclusion, the extensive polymorphism of X. campestris isolates evaluated with the IS1051 probe could enable precise epidemiological investigations to be carried out by fingerprinting isolates. Indeed, from the results presented here it seems possible to track the spread of different strains of X. campestris through a geographical area or host plant community.
Nucleotide sequence accession number. The DNA sequence of IS1051 has been entered in the EMBL data bank and assigned the accession number X70380.
